Introduction: Noise robustness is a very important issue in the field of automatic speech recognition. Microphone arrays have been used to achieve noise robustness, and blind source separation has been proposed to enhance the noisy speech signal [1] . For the speech recognition process, however, only clean speech features are required. Therefore, instead of denoising the noisy speech signal in the preprocessing step, it is computationally more efficient to directly extract the clean speech features from noisy speech.
In this letter, we propose an algorithm, which efficiently removes the mixed noise component from the speech signal in the process of extracting features. The denoising process is based on ICA, which linearly separates noise and signal from two noisy speech microphone recordings. A "small-band" approach is implemented to average out fast Fourier transform (FFT) points in a frequency range and apply ICA directly to feature levels. To remove the mixed noise, this requires only one unmixing network for each small band. Consequently, our proposed method is computationally less demanding than conventional methods which require one unmixing network for each FFT point to recover the enhanced speech signals [1] . The isolated-word recognition experiments show that the method yielded considerable performance improvement for low signal-to-noise ratios (SNRs). In the frequency domain, the convolved mixtures can be expressed as at each frequency bin. The only difference is to deal with complex numbers instead of real numbers. In order to perform ICA for complex-valued data, a complex activation function was proposed as follows [4] :
Independent Component
The learning rule with Amari's natural gradient [3] is C s 9 a © H I C
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The frequency domain approach is computationally more efficient because the convolution operation in the time domain can be replaced by multiplication at each frequency bin.
Modified Spectral Analysis in Feature Extraction:
To obtain feature parameters, most speech recognition systems apply spectral analysis to the raw speech signal.
Thus, the frequency-domain ICA can be used to separate the effect of noise contamination from the spectral feature vectors. In the FFT-based spectral analysis, the 5 th band energy, 0 © 6 5 7
can be expressed as 0 © 6 5 7 is represented as follows: The isolated-word recognition results provided in Table 1 Table 2 shows the recognition rates of noisy speech recorded in real environments. The higher measured SNR of two input channels was represented in the first column, and a test word and other arbitrary chosen 9 words were used to train the unmixing matrices. The recognition performances were considerably improved in all SNR levels. The case of 70 small bands yielded better performance than the cases of 18 and 199 small bands.
Conclusion:
By averaging frequency spectra on small bands, much robust recognition performance is obtainable with noisy speech. Also, the frequency-domain ICA algorithm is implemented with much less number of unmixing networks for robust speech recognition.
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